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Water Quality in Southeastern Minnesota
Streams: Observations Along a Gradient
of Land Use And Geology
NELS H. TROEI.STRUP, JR. AND JAMES A PERRY

ABSTRACT-Surface water quality in southeastern Minnesota's driftless area exhibits subregional and local
spatial patterns which are highly correlated with subsurface geology and land-use practices. Some variables
appear to respond on subregional or watershed scales. Nitrate, specific conductance, alkalinity, and surface
water atrazine concentrations were lower in streams originating from the Prairie Du Chien or Jordan sandstone
~quifers of easte:n Fillmore and Houston Counties than those originating from the Galena limestone aquifer
m west-central Fillmore County. In addition, the numbers of pollution intolerant and functionally specialized
invertebrates in the benthic community were higher in the eastern streams. Gross primary production on tile
substrates, transported organic matter, and atrazine concentrations were highest in an agricultural watershed
and lowest in a forested watershed.
Other variables are more responsive to local influences such as riparian land-use. Substrate median particle
size, macrophyte composition on riffies, diversity of benthic invertebrates, and number of invertebrate
predators were highest on riffies adjacent to forested riparian zones. Stream temperature and turbidity were
higher at riffie sites adjacent to open agricultural riparian zones.
Our resul~s demonstrate spatial patterns in southeastern Minnesota water quality which are strongly
correlated with subsurface geology and land-use practices. These patterns exist on different spatial scales (i.e.,
local, wate_rs~ed, ~ubregio~al) within the driftless area ecoregion. Effective monitoring and management of
water quality m this ecoreg1on must consider a finer spatial scale than that suggested by the aquatic ecoregion
approach.

Introduction
The driftless area of southeastern Minnesota, a geographic
region untouched by the last glaciation to descend upon the
state, is an area where agriculture and water quality have coevolved in a geologically dynamic landscape over the last 130
years. Since early settlement and clearing of land for wheat
production in the 1850s, agriculture has evolved among the
spring-fed streams and watersheds of the region. These
streams were an important source of water for domestic and
livestock use, transportation, and power production during
the early settlement period and continue to serve the area
with water for livestock and an important recreational fishery
(1, 2, 3). Agricultural influences on water quality within
southeastern Minnesota streams were noticed during the
earliest reported surveys in the area. For example, Surber (2)
reported numerous instances of agricultural impact (i.e.,
sedimentation, high turbidity, reduced invertebrate diversity
and abundance) while hiking along 1000 miles of tributary
streams of the Root River Basin. His survey was conducted at
a time when severe soil erosion plagued the catchments of
southeastern Minnesota due to intensive development and
cultivation of steep slopes (3).
Recent evidence also suggests that the quality of southeastern
Minnesota's streams has been compromised by agricultural
practices. Several studies have examined the characteristics of
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groundwater quality in the karst areas of west-central Fillmore
County ( 4, 5, 6, 7). The quantity and quality of these
groundwater resources are determined by surface land-use
practices, soils, and geology ( 4, 5, 8); these groundwaters are
the primary source of water for surface streams in southeastern Minnesota. Acute water quality problems have been
associated with geological conditions such as those found in
southeastern Minnesota, where development of karst
decreases the effective filtering and purification capabilities
of the soil and bedrock overlying underground aquifers ( 8,
9). Steep topography, thin hydrophobic soils, and karst
geology exacerbate agricultural impacts to surface water
resources by increasing the probability of flashy and erosive
runoff events (8, 10). These events may carry high loads of
sediment, nutrients, and pesticides which limit the utility of
the water as a resource (6, 7, 8, 11, 12). Degradation of surface
waters is a problem originating from both contaminated
groundwater resources ( 4, 5, 6, 7, 8) and extensive agricultural development along the stream corridor (13, 14, 15).
Many efforts to monitor and manage these water quality
problems are now focusing on ecologically similar regions or
"aquatic ecoregions" (c.f., 16, 17, 18). The ecoregion concept
proposes that monitoring and management of water quality
be performed in geographic regions with relatively uniform
soils, surface land form, potential natural vegetation, and
land-use practices (19). Reference streams, representing the
best attainable water quality for a given region are identified
and used as benchmarks against which to compare other
streams in the ecoregion (20).
Although groundwater quality has been well-quantified in
the karst region of southeastern Minnesota, little has been
reported about spatial patterns of surface water quality
Journal of the Minnesota Academy of Science

throughout the driftless area. We began investigating the
surface water quality of southeastern Minnesota streams in
1985 to determine the spatial extent of water quality patterns
and their relation to land-use practices. The objectives of this
paper are to: (a) present a summary of spatial patterns of
surface water quality in the region; (b) examine the scale
upon which these patterns occur, and (c) place these results
within the biophysical framework of the ecoregion concept.

Materials and Methods
Intensive ~ampling was conducted on twelve riffle sites
within three tributaries of the south branch of the Root River,
Fillmore County (Figure 1). These three catchments are
adjacent tributaries of the south branch of the Root. Camp
Creek drains an agricultural watershed with more than 90
percent of catchment area in agricultural production (21).
Springs on this stream drain the Galena aquifer and the stream
flows over St. Peter sandstone and upper members of the
Prairie Du Chien formation (22; E.C. Alexander, Jr., pers.
comm.). Duschee Creek is a mixed land-use watershed
draining middle and lower members of the Prairie Du Chien
formation and flowing over lower members of the Prairie Du

Chien formation. Extensive pasturing of livestock and
cultivation occurs in the upper reaches of the watershed but
much of the lower one-third of the riparian area is forested.
The Gribben Creek watershed drains lower members of the
Prairie Du Chien formation and flows over Jordan sandstone.
Most of the Gribben Cr. stream valley was purchased by the
State of Minnesota in the late 1970s and replanted to mixed
hardwoods. Thus, the riparian area in this watershed is a
mosaic of new and old mixed hardwood forest; uplands are
managed for agriculture.
Intensive sampling was designed to examine specific
relationships between water quality and adjacent riparian
land-use practices (i.e., forest, pasture, or cultivation). In this
effort our measurements included examination of a large
number of physical (i.e., stream discharge, temperature,
specific conductance, substrate characteristics), chemical
(i.e., nitrate, ammonia soluble reactive phosphorus, pesticides, elemental analyses, pH, dissolved oxygen) and
biological variables ( e.g., organic matter in transport, in-situ
benthic metabolism, invertebrate and algal colonization
dynamics, invertebrate community structure, macrophyte
biomass). Samples were collected on six dates during each

N

I
.s"

(!

I

.......

.?11 . ~
/

( ...

·{

·-

}

\ --·~• ........ ....._

·-

LAND-USE
0

3km

~
*~~~~~.
2,3,7,8

1,4,5,6
SITES

Figure 1. Location of study sites in Fillmore County, Minnesota sampled intensively during spring and fall 1987-88.
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of four seasons (i.e., April-June and September-November
1987 and 1988). A subset of the results of that sampling is
discussed in this paper. We used commonly accepted
methods in all of our analyses. We do not discuss details of
methodology within this paper; we invite correspondence
and refer interested readers to a previously written College of
Forestry Staff Paper (23).
Our extensive sampling included 25 stream sites on 16
watersheds, across a gradient of geology and land-use in
Fillmore, Houston, and Winona Counties, southeastern
Minnesota. For this paper, we have restricted our analysis of
this extensive data set to 15 sites on 15 watersheds (Figure
2). Six sites ( Group 1) drain lower members of the Prairie Du
Chien sandstone and Jordan sandstone formations and flow
over Jordan sandstone (22; E.C. Alexander, Jr., pers. comm.,
1988). These watersheds have the fewest acres of pasture and
cultivated land as a percent of total watershed area (21). Four
sites (Group 2) drain the Prairie Du Chien and St. Peter
sandstone formations and flow over lower members of the
Prairie Du Chien formation. These watersheds have moderate
to low agricultural development. Two sites ( Group 3) are
located in the karst region of west-central Fillmore County.
These sites drain the Galena limestone formation but flow
over the St. Peter sandstone and upper members of the Prairie
Du Chien formation. These watersheds were extensively
pastured and cultivated. Three final sites ( Group 4) are
located in the karst region of west-central Fillmore County.
These streams originate from the Galena aquifer and flow
over the Galena limestone and Decorah shale formations.
These sites have intensive agricultural development in their
watersheds. Thus, geology and watershed land use graded
from sandstone/low development to karst/intensive development conditions from eastern Houston County to westcentral Fillmore County.
A restricted number of variables were measured during our
extensive survey work so that a greater spatial area could be
sampled. Variables exhibiting spatial pattern in preliminary
intensive work (see above) were selected for measurement
at our extensive survey sites. These included physical (i.e.,
stream discharge, temperature, substrate character, specific
conductance), chemical (pH, alkalinity, nitrate, and atrazine)
and biological variables (macrophytes, invertebrate community structure). Extensive sampling was conducted on ten
randomly selected dates in 1988, during the two seasons of
the year when stream conditions were most dynamic (i.e.,
spring and fall).

Results And Discussion
Local Riparian Patterns
Several variables, evaluated through the course of our
study, appeared to be influenced by local riparian characteristics (Table 1). Stream temperature, turbidity (NTU), and the
percent occurrence of sediment in the substrate were highest
at sites adjacent to agricultural land-use practices. Substrate
median particle size (Figure 3a) and percent occurrence of
wood material in the substrate were significantly higher at
sites adjacent to forested sites. Macrophyte occurrence
(Figure 3b) was highest adjacent to forested and pasture sites
compared to cultivated sites.
Similar differences were observed in the structure of the
benthic invertebrate community (Table 1). Diversity of the
invertebrate community as measured by the Sequential
Comparison Index (24) was higher at sites adjacent to
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Figure 2. Relative location of study watersheds in southeastern
Minnesota sampled extensively during spring and fall 1988.
Numbers in boxes represent stream group (defined in text).

forested versus agricultural conditions (Figure 3c) and the
number of invertebrate predators (25) was lower at sites
adjacent to agricultural land uses than sites adjacent to
forested land uses. Trout abundance in South Branch Creek
was similarly controlled by local stream section habitat
features (26). These results demonstrate the importance of
local riparian and habitat characteristics and their influence
on the biota of these agricultural trout streams.
Watershed Patterns
Watershed differences were observed for a number of
variables (Table 1). Stream temperature and atrazine
concentrations (Figure 4a) were found to be lower in streams
draining forested and mixed land-use watersheds over the
Prairie Du Chien andJordan sandstone formations than those
in an agricultural watershed over the Galena formation.
Similar results were observed for fine particulate organic
matter, chlorophyll transported in the water column, and
gross primary production on tile artificial substrates (Figure
4b). These results are consistent with those of authors who
have reported high numbers of pollution tolerant invertebrates and trophic generalist invertebrates in agricultural
watersheds draining the Galena and Prairie Du Chien aquifers
and low numbers of these same groups in a mostly forested
watershed draining the Jordan aquifer (27). Trout growth
rates in South Branch Creek, a stream draining the Galena
aquifer in west-central Fillmore County, also appear to be
under the control of watershed scale processes (26).
Subregional Patterns
Our survey of southeastern Minnesota streams in Fillmore,
Houston, and Winona Counties has revealed a set of variables
which vary on a subregional scale (Table 1). Significantly
lower nitrate (Figure 5a), alkalinity, and specific conductance
(Figure 5b) were observed from Group 1 and 2 streams
draining the Prairie Du Chien or Jordan sandstone aquifers.
A statistically nonsignificant but similar spatial pattern was
observed for atrazine concentrations. Nitrate concentrations
at one Group 4 site consistently exceeded the drinking water
standard of 10 mg/L (28) and atrazine concentrations at one
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Table 1. Summary of responses to local riparian, watershed and subregional land-use, geologic conditions.
Variable
Stream Temperature (0 C)
Turbidity (NTU)
Substrate Size (mm)
Sediment Occurrence (%)
Wood Occurrence (%)
Macrophyte Occurrence (%)
Invertebrates
Diversity (SCI)
Predators (%)
Stream Temperature (0 C)
Atrazine (µg/L)
Fine Organic Matter (mg/L AFDW)
Chlorophyll a (mg/L)
Gross Primary Production
(g O2/m2/day)
Specific Conductance (µmhos/cm)
Nitrate (mg/L)
Alkalinity (mg/L as CaCO3)
Invertebrates
Pollution Tolerance (FBI)
Trophic Specialists (%)

Scale
Reach
Reach
Reach
Reach
Reach
Reach

Effect1
PC>F
PC>F
PC>F
PC>F
FC>P
FP>C

95% Confidence Interval
for Effect Means
[11.4-13.2] > [9.4-11.5]
[2.9-11.1] > [1.0-2.0]
[52.5-88.5] > [13.7-54.5]
[7.4-15.7] > [0.8-3.4]
[2.2-4. 7] > [0.1-1.0]
[29.2-45.3] > [1.8-22.3]

Reach
Reach
Watershed
Watershed
Watershed
Watershed
Watershed

F>C
F>C
A>MF
A>MF
A>MF
A>MF
A>MF

[7.6-12.6] > [5.5-8.3]
[0.0-3. 7] > [0.2-1.1]
[12.5-14.1] > [11.0-12.0]
[0.88-1.51] > [0.09-0.29]
[2.91-4.45] > [1.68-2.34]
[3.94-6.20] > [1.63-2.29]
[1.05-2.09] > [0.49-0.86]

Subregion
Subregion
Subregion
Subregion

G3,4 > G1
G4>G1
G3,4 > G1,2

[425-464] > [353-372]
[5.6-7.8] > [1.6-2.3]
[269-285] > [258-263]

G3,4 > G1
G3,4 > G1

[3.67-4.68] > [2.10-3.48]
[31-85] > [20-45]

Effects represent means or pooled means of treatment effects observed at each scale. Local abbreviations: F-forest, P-pa~ture or
C-cultivated riparian land-use adjacent to each site. Watershed abbreviations: A-agricultural watershed over the G~lena aquIfe_r, Mmixed land-use watershed over the Prairie Du Chien aquifer and F-mostly forested watershed over the Jordan aquifer. Subregional
stream groups are defined in the text.
1

Group 3 site reached or exceeded the Minnesota Health
Department health advisory limit of 3.0 µg/L on several dates
(29).
Many biological variables also varied significantly at a
subregional scale (Table 1). We found invertebrate communities dominated by pollution intolerant taxa (30, Figure 5c)
and greater numbers of functionally specialized collectorfilterers (25) in Group 1 streams in contrast to communities
with greater numbers of pollution tolerant forms and
functional generalist collector-gatherers (25) in Group 4
streams.
These spatial patterns and scale differences were also
reported by authors working on groundwater and spring
projects in the area. Water quality patterns associated with
well water drawn from different aquifers were observed in
central Fillmore County ( 4). Wells drawing water from the
Galena aquifer were found to have higher concentrations of
nitrate, specific conductance, and ammonium than wells
drawing from the St. Peter, Prairie Du Chien and Jordan
sandstone formations. In another study, nitrate, atrazine, and
specific conductance were higher in conduit springs draining
the Galena aquifer than in diffuse springs draining the Prairie
Du Chien, and Jordan aquifers. Springs draining the karst
Galena aquifer were found to have higher algal biomass,
lower macrophyte biomass, and higher numbers of invertebrate trophic generalists. Decomposition of boxelder leaves
was found to be significantly reduced in these conduit springs
compared to diffuse springs draining sandstone aquifers.
These differences were attributed to the high variability in
physical and chemical conditions in karst springs and suggest
that communities in these flashy springs are dominated by
stress tolerant organisms which are less efficient at processing
organic matter (31, 32).
Volume 55, Number 1, 1989

Implications /or Monitoring and Management
Many of our biological observations in agricultural
watersheds and along stream reaches are consistent with
current theories of stream ecosystem structure and function.
Stream groups, watersheds, and stream reaches under low to
moderate agricultural management appeared to exhibit
characteristics approaching those described for unimpacted
systems. The River Continuum Concept (33) suggests that
unimpacted headwater streams (orders 1, 2, 3), such as those
examined in this study, should operate as highly efficient
heterotrophic components of the watershed/stream ecosystem complex. Forested conditions present a buffer to
extremes in stream discharge and temperature, confer bed
and bank stability, and provide habitat diversity and predictable quantities of allochthonous carbon to the stream biotic
community (34, 35). These unimpacted streams utilize
energy and nutrients efficiently through a series of biotic and
abiotic feedbacks (36). Community metabolism in these
streams should be controlled by watershed-scale processes
associated with differences in climate, geology, and vegetation (37). This theoretical template for stream dynamics is
strongly influenced by changes in geology and riparian
conditions along the stream corridor (37, 38, 39).
Agricultural practices along this corridor and associated
alterations of riparian vegetation influence these long
established relationships. Agricultural streams in southeastern Minnesota and throughout the nation are characterized by
variable stream flow, bed and bank instability, high turbidity
and sediment loads, large fluxes of nutrients and agrichemicals, and food chains based on autochthonous production
(13). Organic matter utilization and processing efficiency is
reduced in these systems due to greater variance in flow and
loss of retention devices (i.e., large woody debris) within the

9

80

·...

1.5

E

a. -Substrate
60
■

a. Atrazine

E

+ 1 S.E.
Mean

G)

+1 S.E.
□ Mean

N

40

1.2
0.9

en

-I

G)

0.6

u

20

'...o,

0.3

ca

0.
0.0

0

b. Gross Primary
Production

50

2.0

1.5

40

'0
G)

30

u

1.0

.
C

10

'E

N

'

G)

20

>,

ca

N

::::,

0.5

0

0.0

u
u

~

0
Agricultural

12
10
8

-·u
a,

-·-..
~

6
4

2

.

Pasture
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intensive sampling of southeastern Minnesota streams: a) atrazine
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Figure 3. Variables influenced at a local riparian scale during
intensive sampling of southeastern Minnesota streams: a) median
particle size of substrate; b) percent occurrence of macrophytes, and
c) invertebrate Sequential Comparison Index (24).

channel ( 40). These conditions represent predicted changes
in an ecosystem under stress (41, 42).
In rural areas of North America, agriculture is an important
component of the landscape. The competitive marketing
structure of agriculture often places environmental concerns
low on the priority list of the American farmer. The effects of
this economic structure are evident in the many environmental problems associated with agricultural development ( 43 ).
These impacts may be manifest at different spatial and
temporal scales (18, 44). For example, we may expect to see
regional differences in water chemistry which correspond to
changes in geology and the influence of groundwater or
10

Forested

a,

0
Forest

Mixed

changes in stream temperature due to local changes in
riparian cover, independent of regional patterns.
Monitoring and management of aquatic ecosystems
requires a clear understanding of biophysical attributes and
processes. The structural and functional characteristics of
stream ecosystems may be controlled at various levels
spatially and temporally ( 45, 46). The selection of water
quality management practices that are appropriate for a
specific landscape will depend on these biophysical characteristics and the objectives of the water quality manager ( 20).
Hughes and Larsen (19) have recommended utilizing a
biophysical approach to water quality management by
defining and utilizing aquatic ecoregions. Ecoregions are
defined as geographic areas which are relatively homogeneous with respect to land use, soils, potential natural vegetation, and topography ( 47). Reference water bodies are
identified within each ecoregion which represent the best
practically attainable water quality (20). Other water bodies
are monitored within each ecoregion and compared to
reference stations.
The ecoregion approach has received support in the
literature and is being applied by several state water quality
agencies, including Minnesota (16, 48). The biophysical
perspective offered by this approach is attractive and
potentially useful as a water quality monitoring and management tool. However, the variables utilized to define an
ecoregion may operate on several scales. Our observations
Journal of the Minnesota Academy of Science
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Advocates of the ecoregion approach have suggested that
the natural climatic and geologic characteristics within certain
ecoregions may be highly variable, presenting tumultuous
patterns to the water quality manager (19, 20). I.and-use
practices and geology contribute to this variability within the
driftless area ecoregion. Stream nitrate concentrations
averaged less than 1 mg/L in streams along the eastern
portion of Houston County while these same concentrations
averaged over 6 mg/Lin the west-central portion of Fillmore
County. Is it realistic to assume that the best attainable water
quality in both areas is the same? Should the same reference
sites be used to judge water quality in both areas? We suggest
not. We agree with the suggestion ofWhittier (18) and others
that the ideas of the ecoregion approach may need to be
placed within a hierarchical framework ( 44) to identify: ( 1)
management objectives for water bodies at various spatial and
temporal scales; (2) the proper scale upon which to monitor
changes in water quality for those objectives, and (3) the
appropriate monitoring variables which will respond at the
scale to which management will be applied. These steps
represent logical extensions to existing methodologies used
in planning water quality monitoring efforts ( 49, 50, 51, 52) .
A biophysical approach is necessary to establish proper water
quality monitoring protocols and management objectives for
different water bodies within the state and the nation. This
approach must be effective at different spatial and temporal
scales.
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